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MEMORANDUM FOR FILE 

1. I N T R O D U C T I O N  

T h i s  work was prompted b y  t h e  d e s i r e  t o  use  a c u r r e n t ,  
common s e t  o f  c o n f i g u r a t i o n  d a t a  i n  each  o f  s e v e r a l  s t u d i e s  
d e a l i n g  w i t h  a l t e r n a t i v e  schemes f o r  m a i n t a i n i n g  t h e  AAP-l/AAP-2 
s p a c e c r a f t  i n  a f i x e d  o r i e n t a t i o n  r e l a t i v e  t o  t h e  s u n .  The da ta  
r e q u i r e d  may g e n e r a l l y  b e  t hough t  o f  as d imens ions ,  i n e r t i a  
p r o p e r t i e s ,  and q u a n t i t i e s  which a l l o w  t h e  computa t ion  o f  t h e  
aerodynamic t o r q u e  a c t i n g  on t h e  v e h i c l e .  

An e f f o r t  has  been made t o  p r e s e n t  t h o s e  data  which 
r e f l e c t  t h e  c u r r e n t  s p a c e c r a f t  d e s i g n ,  and i n s o f a r  as i s  p o s s i b l e ,  
t h e  a s sumpt ions  made and s o u r c e s  o f  i n f o r m a t i o n  c o n s u l t e d  a r e  g i v e n .  

2 .  CONFIGURATIONS CONSIDERED 

The v e h i c l e  under  c o n s i d e r a t i o n  compr i se s  an S-IVB 
O r b i t a l  Workshop, i t s  a s s o c i a t e d  s o l a r  p a n e l  a r ray ,  a n  A i r l o c k  
Module and M u l t i p l e  Docking Adapter  ( A M / M D A ) ,  and a Command and 
S e r v i c e  Module (CSM). Three d i s t i n c t l y  d i f f e r e n t  s p a c e c r a f t  
c o n f i g u r a t i o n s  are  o b t a i n a b l e  by dock ing  t h e  CSM on d i f f e r e n t  
p o r t s  o f  t h e  MDA; f o r  t h i s  s t u d y  t h e  CSM i s  docked on p o r t  3 
( o p p o s i t e  p o r t  l), p o r t  4 ,  and p o r t  5 ( a x i a l  p o r t ) ,  t h e  l a t t e r  
b e i n g  i l l u s t r a t e d  i n  F i g u r e  1. 

3. METHOD OF COMPUTATION 

3 . 1  I n e r t i a  P r o p e r t i e s  

Mass, mass c e n t e r  l o c a t i o n ,  and moments and p r o d u c t s  
of  i n e r t i a  are o b t a i n e d  b y  u p d a t i n g  t h e  d a t a  o f  Re fe rence  1 i n  
t h e  f o l l o w i n g  manner: 

1. The Mapping and Survey System (M&SS) Module i s  



2.i ' 

BELLCOMM. I N C .  
X 

+151c"- 
I 

SCALE * ro I 

CSM \ 

SOLAR 

rr 
- 2 -  

FIGURE I - AAP-I/AAP-P I N  THE PORT 5 CONFIGURATION 



BELLCOMM, INC. - 3 -  

removed. I n e r t i a  p r o p e r t i e s  o f  t h e  M&SS a re  o b t a i n e d  by "sub- 
t r a c t i n g "  Case 2 f rom Case 5 o f  Re fe rence  l.* 

2 .  The l a t e s t  a v a i l a b l e  i n f o r m a t i o n  ( R e f e r e n c e  2) i n d i c a t e s  
t h a t  t h e  AM has l o s t  4600 pounds s i n c e  Refe rence  1 was p u b l i s h e d ,  
w h i l e  t h e  S e r v i c e  Module (SM) has g a i n e d  5200 pounds and t h e  
Command Module ( C M )  has g a i n e d  2100  pounds.  The u p d a t i n g  i s  
e f f e c t e d  by c o n s i d e r i n g  these we igh t  changes t o  b e  c o n c e n t r a t e d  
a t  t h e  mass c e n t e r s  of  t h e  a p p r o p r i a t e  modules .  

3 . 2  Aerodynamic Loads 

i n  a s i m p l e  r n U G e i  o f  t h e  aeredynan iz  c f f c c t s ,  c ~ ~ ~ s i d e r e d  
t o  b e  s a t i s f a c t o r y  f o r  t h e  a n a l y s e s  b e i n g  u n d e r t a k e n ,  i t  i s  
assumed t h a t  t h e  f o r c e  produced i s  p a r a l l e l  t o  t h e  v e h i c l e  v e l o c i t y  
v e c t o r  and t h a t  t h i s  f o r c e  a c t s  a t  a p o i n t  f i x e d  i n  t h e  v e h i c l e ,  
c a l l e d  t h e  c e n t e r  o f  p r e s s u r e .  For a g i v e n  wind d i r e c t i o n ,  t h e  
l o c a t i o n  o f  t h e  c e n t e r  of  p r e s s u r e  may be  computed from da ta  g i v e n  
i n  Refe rence  3 f o r  t h e  P o r t  4 C o n f i g u r a t i o n ;  t hese  da t a  a r e  a l s o  
s u f f i c i e n t  t o  a l l o w  t h e  computa t ion  o f  t h e  c e n t e r  o f  p r e s s u r e  
l o c a t i o n  f o r  t h e  o t h e r  two c o n f i g u r a t i o n s .  I n  t h e  c o m p u t a t i o n s ,  
t h e  wind i s  t a k e n  t o  b e  d i r e c t e d  normal t o  t h e  s o l a r  a r r a y .  

The magnitude o f  t h e  aerodynamic t o r q u e  depends on 
a t m o s p h e r i c  d e n s i t y ,  a q u a n t i t y  which v a r i e s  w ide ly  due t o  changes 
i n  o r b i t a l  p a r a m e t e r s  and solar a c t i v i t y .  Two v a l u e s  o f  d e n s i t y ,  
o b t a i n e d  from Refe rence  4 ,  a r e  p r e s e n t e d :  p1 i s  t h e  a v e r a g e  o v e r  
one o r b i t  of t h e  nominal d e n s i t y  p r e d i c t i o n ,  whereas p i s  t h e  2 
a v e r a g e  o v e r  one o r b i t  of t h e  maximum d e n s i t y .  Both v a l e s  a r e  f o r  
a 2 4 8  n .mi .  c i r c u l a r  o r b i t  d u r i n g  a p e r i o d  of maximum solar 
a c t i v i t y  (November, 1968). 

-3 = 6.2 x 10 -15 slug f t .  p1 

-3 s l u g  f t .  -14 = 2 . 5  x 10 O2 

"See Appendix. 
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The l o c a t i o n  o f  t h e  c e n t e r  o f  p r e s s u r e  r e l a t i v e  t o  
t h e  mass c e n t e r  i s ,  t o g e t h e r  w i t h  t h e  d i r e c t i o n  o f  t h e  v e l o c i t y  
v e c t o r ,  s u f f i c i e n t  f o r  t h e  d e t e r m i n a t i o n  of  t h e  d i r e c t i o n  of  t h e  
aerodynamic t o r q u e  v e c t o r .  The magni tude  o f  t h i s  v e c t o r ,  r a t h e r  
t h a n  b e i n g  g i v e n  e x p l i c i t l y ,  i s  e x p r e s s e d  as a, t h e  r a t i o  o f  t h e  
maximum aerodynamic t o r q u e  t o  t h e  maximum g r a v i t y - g r a d i e n t  t o r q u e :  

where r i s  t h e  d i s t a n c e  from t h e  mass c e n t e r  t o  t h e  c e n t e r  o f  
p r e s s u r e ,  C 

V i s  t h e  v e h i c l e  v e l o c i t y ,  R i s  t h e  o r b i t a l  r a t e ,  and I 

and Imin are  t h e  maximum and minimum moments of  i n e r t i a  o f  t h e  

s p a c e c r a f t  f o r  i t s  mass c e n t e r .  

i s  t h e  c o e f f i c i e n t  o f  d r a g ,  A i s  a r e f e r e n c e  a r e a ,  D 
max 

4 .  RESULTS 

Data a re  p r e s e n t e d  i n  terms o f  t h e  r i g h t - h a n d  xyz 
c o o r d i n a t e  sys t em shown i n  F i g u r e  1, and t h e  f o l l o w i n g  d e f i n i -  
t i o n s  a p p l y :  

W :  

'me : 

x :  
C P  

I: 

I ,I ,I3: 1 2  

T :  

0 :  

V e h i c l e  weight  i n  pounds.  

2' Torque r a t i o s  c o r r e s p o n d i n g  t o  p and p 

Mass c e n t e r  l o c a t i o n  i n  i n c h e s .  
1 

Loca t ion  of t h e  c e n t e r  o f  p r e s s u r e  i n  i n c h e s .  

I n e r t i a  t e n s o r  f o r  t h e  mass c e n t e r  i n  s l u g  f t  2 . 

c e n t e r  i n  s l u g  f t  2 . 
P r i n c i p a l  moments o f  i n e r t i a  f o r  t h e  mass 

Trans fo rma t ion  from t h e  p r i n c i p a l  ( 1 , 2 , 3 )  a x e s  
t o  t h e  g e o m e t r i c a l  ( x , y , z )  a x e s ;  each  column o f  
T c o n t a i n s  t h e  d i r e c t i o n  c o s i n e s  o f  t h e  x ,y ,  and 
z a x e s  f o r  t h e  p r i n c i p a l  a x i s  a s s o c i a t e d  w i t h  t h e  
moment of i n e r t i a  g i v e n  a t  t h e  head o f  t h e  
column. 

Angles between t h e  p r i n c i p a l  and g e o m e t r i c a l  

i j  ' axes  i n  d e g r e e s ;  e 
j = 1 , 2 , 3 .  

i = 1 , 2 , 3 ,  = c o s - l t  
i j  
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4 . 1  Dimensions 

P e r t i n e n t  d imens ions  a r e  g i v e n  i n  t h e  f i g u r e .  A s  
t h e s e  are o b t a i n e d  from a number o f  s o u r c e s ,  i t  i s  n o t  p o s s i b l e  
to c i t e  a r e f e r e n c e  f o r  them. 

4 . 2  P o r t  3 C o n f i g u r a t i o n  

w = 81,812 

c - 
-2 8 1 . 4  

- 3 . 2 ,  ‘mc - ; 

i _  - 1 

- 

1 -86.6’ 

al = . 0 5  a2 = . 2 1  

--. 
5 1 . 4 5  x 1 0  4 . 4 8  x io 

- 5 . 4 9  ,031 6 2.08 x 10 
i 6 ;  1 . 8 8  x 10 i 

I =  

I I I = 2.63 x 10 2.08 x 10 2.00 x 10 6 
1’ 2’ 3 

L-. 267 
r15.5 

=igO” 1 0 5 . 5  

.003 
1.000 
-. 020 

8 9 . 8  
1.1 

91.1 
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4.3 Port 4 Configuration 

w = 81,812 

7 - 

- 6 -  

a1 = .04 

13.81 x io-- 5 -4.43 x io-- 5 
r 

- 

X 
C P  

a2 = .18 

1.10 x 10 47 I 

i 2.09 x lo6] 

I 1 2 3  ,I ,I = 2.59 105 1.98 10 6 2.09 x 10 6 

105.5 
15.6 

I 

190.4 92.3 
L 

- 
-.004 1 

.040 ~ 

.999 j - 
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4.4 Port 5 C o n f i g u r a t i o n  

w = 81,812 

- 7 -  

Q1 = .04 

- 
-181.4 

a2 = .15 

-. 

5.51 x 10 2.68 x lo3 2.25 x 10 41 I 

I =  j 3.13 x lo6 -2.34 x io3/ 

L 3.13 x 1o6J 

6 3.13 x 10 6 11,12,13 = 1.51 x 10 3.13 x 10 

p. 0 0 0  

T = i-.OO1 

k 0 O 8  
c 

.4 

.004 
-.428 1 .go4 

.428 ,904 

89.8 89.4 
0 = 190.1 25.4 

i90.4 64.6 
L 
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5 .  APPENDIX:.  I N E R T I A  PROPERTIES PROGRAM 

I n  o r d e r  t o  d e t e r m i n e  t h e  i n e r t i a  p r o p e r t i e s  o f  
composi te  b o d i e s  such  as t h o s e  for which data  a re  p r e s e n t e d  
i n  t h i s  memorandum, i t  i s  n e c e s s a r y  t o  "add" t h e  i n e r t i a  
p r o p e r t i e s  of c e r t a i n  b o d i e s  and t o  " s u b t r a c t "  t h e  i n e r t i a  
p r o p e r t i e s  o f  o t h e r s .  Fo r  example, data  f o r  t h e  P o r t  4 Con- 
f i g u r a t i o n  are o b t a i n e d  from Case 7 of  Re fe rence  1 by add ing  
t h e  p r o p e r i t e s  a s s o c i a t e d  w i t h  t h e  weight  i n c r e a s e  i n  t h e  CSM 
and by  s u b t r a c t i n g  t h e  p r o p e r t i e s  o f  t h e  M&SS and t h o s e  a s s o c i -  
a ted  w i t h  t h e  loss o f  weight  i n  t h e  AM. T h i s  appendix  d e s c r i b e s  
a g e n e r a l  F o r t r a n  program t h a t  pe r fo rms  t h i s  t a sk .  

I n  a g i v e n  r e c t a n g u l a r  c o o r d i n a t e  sys t em,  l e t  mi 
b e  t h e  mass and Xi (3 x 1 m a t r i x )  t h e  mass c e n t e r  l o c a t i o n  o f  
body i ,  i = 1, , n ,  t h e  t o t a l  number o f  b o d i e s  t o  b e  

c o n s i d e r e d ;  a l s o  l e t  Ii 
f o r  i t s  mass c e n t e r  i n  some c o n v e n i e n t  r e c t a n g u l a r  c o o r d i n a t e  
sys t em f o r  body i ,  Ti 
t h i s  body c o o r d i n a t e  sys t em t o  t h e  g i v e n  sys t em.  If body i i s  
t o  b e  "added" t o  t h e  composi te  body,  mi i s  t a k e n  t o  b e  p o s i t i v e ,  
and if i t  i s  t o  b e  " s u b t r a c t e d " ,  mi i s  a s s i g n e d  a n e g a t i v e  v a l u e .  

S e c t i o n  4*, w e  have 

I 

( 3  x 3 )  b e  t h e  i n e r t i a  t e n s o r  o f  body i 

? 

(3 x 3) b e i n g  t h e  t r a n s f o r m a t i o n  from 

Now, b y  making use  o f  t h e  q u a n t i t i e s  d e f i n e d  i n  

n 
m =  t m i  

i=l 

n 
- -  - m . X  

i=l 
'mc m L 1 i 

*The composi te  nass m r e p l a c e s  w .  Also, a c o n s i s t e n t  s y s t e m  I 

o f  u n i t s  must be  used  t h r o u g h o u t .  
I 
I 
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= xi - x  me 

where sgn  (x) h a s  t h e  v a l u e  +1 when x i s  p o s i t i v e ,  z e r o  when 

x v a n i s h e s ,  and -1 when x i s  n e g a t i v e ,  and where T i s  t h e  
t r a n s p o s e  o f  Ti and E i s  t h e  3 x 3 i d e n t i t y  m a t r i x .  11,12,13 

are  s imply  t h e  e i g e n v a l u e s  o f  I ,  and t h e  columns of  T a r e  t h e  
n o r m a l i z e d  ( t o  u n i t  l e n g t h )  e i g e n v e c t o r s  of  I .  

? T  
? i 

? 

Values  f o r  [ m i / ,  xi ,  T ~ '  , and Ii , as w e l l  as a 2 4  
c h a r a c t e r  a lphanumer ic  name, a re  read i n t o  t h e  computer f o r  
each  body t o  b e  used  i n  t h e  s t u d y .  The manner by which t h e s e  
b o d i e s  are t o  b e  combined t o  form t h e  composi te  body i s  c o n t r o l l e d  
by a n o t h e r  s e t  of i n p u t  q u a n t i t i e s  C i ,  C .  assuming t h e  v a l u e  +1 
i f  body i i s  t o  b e  added t o  t h e  composi te  body, -1 i f  i t  i s  t o  
b e  s u b t r a c t e d  from t h e  composi te  body, and 0 i f  body i i s  t o  b e  
i g n o r e d .  I n  a d d i t i o n  t o  t h e  computa t ions  d e s c r i b e d  i n  t h e  
p r e v i o u s  p a r a g r a p h ,  t h e  computer program p r o v i d e s  f o r  r e a r r a n g i n g  
t h e  e i g e n v a l u e s  and e i g e n v e c t o r s  s o  as t o  have t h e  o f f - d i a g o n a l  

1 
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e l e m e n t s  of T as small as p o s s i b l e .  Then t h e  e i g e n v e c t o r s  a r e  
f u r t h e r  n o r m a l i z e d  s o  t h a t  t h e  d i a g o n a l  e l e m e n t s  of  T a re  
p o s i t i v e .  Output  v a l u e s  i n c l u d e  t h e  i n p u t  da ta  for a l l  b o d i e s  
n o t  i g n o r e d ,  as w e l l  as a l l  i n e r t i a  p r o p e r t i e s  p r e s e n t e d  i n  
S e c t i o n  4 .  

Q. b.bA 
1022-PGS-mm P .  G .  Smith 
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